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. The main idea is that workers, as rational maximizing agents, compare actual and expected future real wages and adjust their labor supply accordingly. If, due to an increase in the real interest rate, workers expect the future real wage to decrease relatively to the present real wage, they increase their labor supply and vice versa. The intertemporal substitution model has been tested exhaustively. For example, the findings of Hall (1980) , Abowd and Card (1987) , Alogoskoufis (1987a , 1987b ), Dutkowsky and Foote (1992 and Dutkowsky and Dunsky (1996) support the hypothesis. In contrast, Card (1991) in a survey of the microeconometric literature, Altonji (1982) and Mankiw et al (1985) present evidence against the intertemporal substitution model. However, the theoretical and empirical work done in this area has been based on closed economy models. This paper analyses the intertemporal substitution hypothesis in an open economy. It presents a standard open economy model in which the derived labor supply is a function not only of the real wage and the real interest rate, but also of the real exchange rate.
By empirically testing the long run predictions of the model, the paper is able to assess if the intertemporal substitution effect is affected by the openness of the economy. Moreover, it 2 allows for examining the direct impact of the real exchange rate on labor supply. As we shall see, the open economy model provides a better specification of the labor supply function.
The paper is structured as follows. The next section presents the representative agent model of an open economy, where the labor supply curve is derived as a function of the real wage, real interest rate and real exchange rate. Section 3 presents the econometric estimation of this function for the U.S. The concluding remarks appear in section 4.
The Model
The model is standard in the literature (e.g., Turnovsky, 1995) . The representative agent derives utility from the consumption of the domestic good ) (c and the imported good ( * c ) and disutility from labor ) (L . The representative agent produces a single commodity using the stock of capital ) (K and labor through a well-behaved neoclassical production function ) , ( L  K  F . He faces increasing installation costs of investment, represented by a convex function
. Finally, the representative agent allocates his savings in foreign bonds (b) that pay an exogenously given world interest rate *) (i . For simplicity there is no government 2 , no labor migration, and no other assets in this economy, such as real money balances.
The optimization problem in a command optimum framework is 3 :
where σ is the relative price of the foreign good in terms of the domestic good (i.e. the real exchange rate), and θ is the rate of time preference.
The use of continuous time in this model contrasts with the most commonly used stochastic discrete time models that derive the Euler equations for consumption and labor supply (see, for example, Foote, 1992, and Dunsky, 1996) .
However, our interest focuses on the long run steady state labor supply and not on the short run intertemporal substitution effect, which would capture transitional dynamics.
Let us assume a separable utility function between consumption and labor supply:
The solution of this model is straightforward. The steady state equilibrium is given by the following equations:
where λ and q are the shadow prices of net foreign bonds and capital. The system of equations (1) to (8) is clearly block recursive. Equation (1) determines investment in the 4 steady state. Equation (2) gives the equilibrium value of λ , which can be assumed constant, equal to 1, without loss of generality. In addition, equation (2) shows that the rate of time preference is equal to the international interest rate *)
, the rest of the system is determined. Equation (3) gives the equilibrium value of capital's shadow price ) (q as the inverse of the real exchange rate. Equations (4) and (5) define the equilibrium values of consumption of the domestic good ) (c , and the imported good *) (c . In the same vein, equations (6) and (7) determine simultaneously the equilibrium values of L and K. Finally, equation (8) gives the optimal value of net foreign bonds.
The focus of this article is on the labor supply curve derived from this model. The labor supply curve emerges from equations (6) and (7). It is easy to see that the labor supply is a function of the real wage w (which is given by the marginal productivity of labor, ) ,
the real interest rate r (given by the marginal productivity of capital, ) , ( L K F K , which in equilibrium is equal to the rate of time preference, θ , and the international real interest rate * i ), and of the real exchange rate σ :
The expected behavior of this function is that an increase in the real wage leads to an increase in labor supply. In the same fashion, an increase in the real interest rate is associated with an increase in the labor supply, which captures the intertemporal substitution effect in the steady state. The impact of the real exchange rate can be negative or positive 4 . An appreciation of the exchange rate is an improvement of the terms of trade. Thus, imported consumption goods become cheaper vis a vis domestic goods. Therefore, workers can keep the same level of utility by working fewer hours or they may choose to increase their labor supply to take advantage of the higher value of their income in order to increase future consumption.
Empirical Evidence
As already noted above, most of the empirical attempts to capture the intertemporal substitution effect in both consumption and labor supply concentrate on short run effects. Our interest rests in the long run equilibrium impact of the interest rate (intertemporal effect) and
the real exchange rate (openness effect). By doing so, we can identify not only the equilibrium properties of the model, but also the transition properties as captured by an equilibrium correction mechanism. Hence, we estimate a more general model in which the dynamics are data-determined, with a theory-determined steady state solution.
In order to do so, we estimated the general solution (9) for labor supply. The model was estimated for the U.S. using quarterly data ranging from 1972:1 to 1996:4 5 . All the data used for estimation were obtained from the OECD Statistical Compendium 1997:2 and have been seasonally adjusted. The linear form of equation (9) for estimation purposes is:
where t LS is labor supply, measured as the index of labor force over working age population; t ER is the real exchange rate, measured as an index of the effective real exchange rate calculated using trade weights by the OECD (that is, σ 1 ); t W is the real wage rate, which is measured as the index of after-tax total wages and salaries, adjusted by the CPI, divided by total hours of work of the employed population; and t R is the real interest rate, and it is measured as one plus the real yield of long term US Government bonds. Other measures of the real interest rate, such as the real yield of the composite index of the NYSE, were also 6 used. However, the results using the government bonds yield gave the most robust estimates, while other measures gave, in some cases, implausible results.
Pre-tests for the order of integration of the variables using the ADF and Phillips-Perron tests showed that, in all cases, the variables involved have a unit root. For this reason, and in order to allow for dynamics without imposing a priori exogeneity properties, we estimated equation (10) as a long run equilibrium correction mechanism (ECM) using Johansen's (1991 Johansen's ( , 1992 VAR method. Note also that, since we are testing the steady state solution of the model, our interest is on the long run cointegration vector between the variables involved.
The number of lags was chosen using several criteria. We started with a maximum number of 8 lags and analyzed the sensitivity of the cointegration tests and parameter values to a reduction in the number of lags. In addition, the Schwarz Bayesian Criteria (SBC) and
Akaike Information Criteria (AIC) were used as additional information. Three lag lengths were finally chosen for estimation, i.e. 5, 4 and 3. The results using these lags were remarkably stable and we will report the ones using 4 lags to avoid under and overparametrization of the model 6 . Regarding the choice of deterministic trends we chose a model without deterministic trends in the cointegrating vector and a separate drift in the equilibrium correction model. In no case deterministic trends were found to be significant in the cointegration vector. Also, this specification allows for different growth patterns of the variables involved 7 . Table 1 presents the maximum eigenvalue LR test for the null hypothesis of r cointegration vectors versus (r+1). The results show that there is only one cointegration 6 Insufficient lag length can lead to size distortions and overparametrization can lead to a loss of power. 7 This is also in accordance with the results obtained in the unit roots tests where the variables were found to be random walks with a drift. See Maddala and Kim (1998) for an analysis of these issues. 7 vector between the variables involved. The normalized cointegration vector resulting from the maximum likelihood estimation is as follows (absolute values of t-ratios in parentheses): The results show that all the variables involved are significant at the usual confidence levels.
Open Economy Model
As expected, the real wage has a significant positive impact on labor supply. Two of the results are of especial relevance. First, the real exchange rate enters the labor supply function with a negative and significant effect. An appreciation of the real exchange rate leads to a decrease in the labor supplied with an elasticity of around 0.08. Second, the effect of the interest rate is highly significant. In addition, the positive sign is evidence in favor of the intertemporal substitution hypothesis.
Comparing our results with previous studies, we can see that our estimate of the elasticity of labor supply with respect to real wages is substantially lower than obtained by Alogoskoufis (1987b) Dutkowsky and Dunsky (1996) and Mankiw et al (1985) . In all these studies, the elasticity varies between 0.26 and 1 8 . Regarding the intertemporal effect, the semi-elasticity of labor supply with respect to the interest rate is very similar to that obtained in those three studies. This comparison, however, should be taken with care, since our 8 The elasticity of t LS with respect to t W evaluated at the mean is 0.1664 whereas the semielasticity of t LS with respect to t R at the mean is 0.6939. estimates provide long run elasticities, while most of the previous results refer to short-run effects.
In order to show the relevance of the inclusion of the real exchange rate in the determination of labor supply, we also estimated the cointegration vector for the solution of the model without the real exchange rate, which corresponds to the closed economy model used in previous empirical studies. The model was estimated also using 4 lags in the VAR and the results of the LR test showed the existence of only one cointegration vector 9 . The normalized vector obtained is as follows: The results show that, by excluding t ER the model performs worse than the previous one.
Closed Economy Model
This can be seen through the smaller absolute values of the SBC and AIC (in spite of the smaller number of explanatory variables) as well as the Log Likelihood statistic. Hence, we can argue that the best specification for the labor supply function is the one including the real exchange rate. In an open economy, thus, the real exchange rate is a significant determinant of the decision to supply labor and, by assuming closed economy models, the labor supply functions could be mispecified. Note that this seems to hold true for a relatively closed 9 economy such as the USA, where the amount of foreign goods affected by changes in the real exchange rate is lower than in any small open economy 10 . Table 2 reports the results of the equilibrium correction model for the change in the labor supply ( t LS ∆ ) derived from the cointegrating vector obtained from the open economy model. As it can easily be seen, many of the lags used are not significant and it would be desirable to obtain a more parsimonious specification. We report these results, though, for consistency with the VAR assumptions. The parameter of the An important feature to address in this model is that of the Lucas (1976) critique. If the government wishes to minimize the business cycle by affecting the labor supply in the economy, it may choose to do it by influencing the interest rate or the exchange rate 11 .
However, if agents are forward looking, government intervention can affect the way the policy variables enter the model generating variable-dependent parameters. This would make the estimated model useless for policy issues. In a time series context, Davidson et al (1978) argued that, if superexogeneity of the regressors holds, the Lucas critique does not apply.
Superexogeneity holds if both the regressors in the conditional model (10) The test for structural stability follows Engle and Hendry (1993) . Their test consists of including the squared residuals of the marginal equations and its lags in the conditional equation. If an F-test of joint significance cannot reject the null of zero coefficients, then we would accept that the effect of both variables is structurally stable and this would point to 12 The results here presented should be taken with caution. Lindé (2000) , 
